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Introduction: Neuropathic pain is a debilitating condition resulting from various etiologies such as diabetes, multiple sclerosis, and infection, and is associated with decreased quality of life, poor health outcomes, and increased economic burden. However, epidemiological studies on neuropathic pain have been largely limited in Vietnam.

Methods: A cross-sectional study was conducted on adult Vietnamese industrial workers across three manufacturing plants. Demographic, socioeconomic, occupational and health data were collected. Prevalence of neuropathic pain was assessed using the Douleur Neuropathique 4 (DN4) scale. Regression modeling was utilized to identify predictors of pain.

Results: Among 276 workers, 43.1 and 24.3% reported that they had suffered from spinal pain and osteoarthritis pain, respectively. In terms of work conditions, people maintaining constant posture when working from 30 to 60 min (OR = 3.15, 95% CI = 1.07; 9.29), or over 60 min (OR = 2.59; 95% CI = 1.12; 5.98) had a higher risk of suffering from spinal pain. People who worked in conditions lacking adequate lighting and with exposures to toxic chemicals were also likely to be suffering from osteoarthritis pain with OR = 4.26, 95% CI = 1.02; 17.74 and Coef. = 1.93; 95% CI = 1.49; 2.50, respectively. Regular health examinations and higher expenditure for healthcare were correlated with a lower prevalence of neuropathic pain.

Discussion: These results may inform the adoption of pain screening and other programs that increase health care access for this population, as well as more stringent occupational health and safety standards.
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Introduction

Neuropathic pain refers to pain arising from a primary lesion or dysfunction of somatosensory neuronal pathways themselves, which is contrary to the more common and well-recognized nociceptive form of pain where systems remain intact and relay noxious peripheral stimuli secondary to a wide array of underlying pathologies (e.g., arthritis, trauma, infection, toxins) (1). Neuropathic pain is often associated with significant decrease in quality of life, work productivity, health status, and longevity (2–4). Specifically, the long-term, often life-long, impacts of neuropathic pain include sleep disorders, heightened depression symptoms, which are often defined as the “TRIAD of pain” (5). The most common forms of neuropathic pain include spinal pain and osteoarthritis pain, whose lifetime prevalence worldwide were reported as 53 to 80% and 31 to 45%, respectively (6, 7). Globally, neuropathic pain conditions affect roughly 13% of the total workforce and result in a mean of 4.6 h loss of productivity per week, according to the American Productivity Audit (8). While no official record exists in Vietnam, the total economic burden of neuropathic pain has been estimated to be over $27,000 per patient annually in the United States and approximately (9).

The prevalence of neuropathic pain worldwide ranges from 3 to 17% (10). However, this figure is not entirely representative, especially of low- and middle-income countries as data available are completely limited to populations from Europe and the United States (11). Various environmental and lifestyle factors have been found in correlation with the development of neuropathy pain, including but not limited to stress, anxiety, trauma, and depression, all of which are more prevalent in populations of lower socioeconomic status (9, 12, 13). Likewise, protective factors, such as social support, active coping, acceptance, and self-efficacy are often less accessible within these populations (14). As prevalence of neuropathic pain and its associated factors differ across nations, regions, and occupations, rigorous evidence is necessary to acquire a comprehensive understanding of this global health issue.

In general, a lack of occupational health and safety standards, as well as lack of health screening for factory workers are common in rising industrial regions, which may create environmental conditions that exacerbate the prevalence and incidence of neuropathic pain (15). In recent years, Vietnam has emerged as a rapidly industrializing region, indicated by extensive expansion of the manufacturing sector (16). As a result, risk factors for neuropathic pain have also been amplified within the Vietnamese population and especially among industrial workers. Nonetheless, epidemiological studies on neuropathic pain have been largely limited, if not nonexistent, in Vietnam. Therefore, this study is among the first to evaluate the prevalence and correlated factors of neuropathic pain among workers in large factories in Vietnam. The results of this study provide valuable insights for health policy practices to develop protection measures for this vulnerable population.



Materials and methods


 Study design, and sampling method

A cross-sectional study of workers in three factories in Hanoi and Bac Ninh provinces was conducted between July and September 2018. Hanoi and Bac Ninh are the two technology development hotspots within the largest industrial zones in Northern Vietnam. In this study, we purposively selected three factories, including electronic components manufacturers (A Company), producing vehicle accessories (B Company) and manufacturing automotive electrics, home electronics, telecommunications devices, and control devices (C Company). At the time of collecting data, the total number of workers in each company was ~2,000, 1,150, and 6,000. The eligible criteria for selecting participants in the study included (1) at least 18 years; (2) being workers and having current labor contracts with the three aforementioned factories for at least 6 months; (3) agreeing to participate in the study and sign the written informed consent; and (4) having the capacity to communicate with the data collectors. In this study, we excluded participants who suffered from severe illnesses such as malignancy, compression fractures, diffuse pains (such as fibromyalgia or ankylosing spondylitis), chronic alcoholism or substance abuse, serious psychiatric disorders, and any other clinically relevant disease preventing neuropathy assessment or accurate understanding of the questionnaires (cognitive impairment, dementia, etc.). Furthermore, people with higher positions than workers (such as managers, directors, etc.) were also excluded from the study.

In this study, a convenience sampling method was used to recruit participants. A population proportion estimation formula was applied to calculate the sample size in this study, with the confidence level was 95%, the expected spinal pain proportion was 27.5% [according to previous study in the US (17)], and relative precision was 0.20. After calculating, the necessary sample size was 278 workers. To prevent incomplete responses or dropout, 5% was added to the sample size, resulting in a total of 292 workers who were invited to participate in the study. At the end of the data collection duration, 276 workers agreed to participate in this study, with a response rate of 94.5%.



Measurement and instrument

A structured questionnaire consisting of five main components was developed to collect data, including (1) socio-demographic characteristics, (2) health status, (3) health behaviors, (4) working conditions, and (5) neuropathic pain characteristics. Before the interview process, this questionnaire was piloted in 20 people to test the language, logical order of each question, and modify the question with unclear meanings. During the data collection period, once participants agreed to participate in this study, they were fully informed about the purpose of the study, benefits, and drawbacks. Participants also signed written informed consents acknowledging their rights and protection of their confidentiality. After that, a face-to-face questionnaire was conducted for 15 to 20 min by investigators who were well-trained to use questionnaires. Additionally, the interview took place in a closed room, to ensure privacy and limit outside influences.



Variables
 
Outcome variables
 
Neuropathic pain

The Douleur Neuropathique 4 (DN4) questionnaire was developed to screen for symptoms and signs of neuropathic pain (18). The original version of this scale was developed and validated in French (19). In this study, a DN4 questionnaire with nine items according to the publication by Giorgio Cruccu et al. and Michael et al. was applied (20, 21) to assess pain description characteristics (burning, painful cold, electric shocks), and associated abnormal sensations (tingling, pins, and needles, numbness, itching) (20–22). For each item of DN4, 1 point is respectively with each positive item and 0 point is respectively with each negative item. A cutoff score of 4 was utilized for the detection of neuropathic pain. Until now, the DN4 scale had been validated by several previous studies and showed a high level of sensitivity and specificity of 82.9 and 89.9%, respectively (19, 22).



Spinal pain and osteoarthritis pain

To explore the information about spinal pain and Osteoarthritis pain status among participants, two questions were developed, including 1) “Have you ever felt spinal pain during the last 3 months?”, and “Have you ever felt osteoarthritis pain during the last 3 months?”, with two answer options (Yes/No).




Covariates
 
Socio-demographic characteristics

Respondents self-reported information about age (years), gender (male/female), level of education (under high school/high school/tertiary or higher), marital status (living with spouse, partner/other), number of children (none/one/two/three or above), and amount of expenditure for health care per year (USD).



Health status

To assess health status among participants, they were asked to report information about acute symptoms and chronic diseases by using following questions: (1) “Have you ever experienced any acute symptoms during the last 4 weeks?” (Yes/No), and (2) “Have you ever been diagnosed with any chronic diseases during the last 3 months?” (Yes/No). These acute symptoms included headache, allergy, constipation, cough/sore throat, etc. Meanwhile, the chronic diseases consisted conditions such as of hypertension, cardiovascular, diabetes, cancer, asthma, epilepsy/psychiatry, stomach/digestive, chronic obstructive pulmonary disease, etc.



Health behaviors

Participants were then classified into three types including current, former, and never-smokers. Current smokers were classified if for the whole lifetime the participants smoked at least 100 cigarettes and smoked in the 30 days previously. Participants who were former smokers were defined if they smoked at least 100 cigarettes for the whole of their lifetime and had not smoked in 30 days ago. Those who had not smoked and had never smoked 100 cigarettes were considered never-smokers. Furthermore, the question “Have you ever consumed alcohol?” was developed to explore the alcohol consumption status among participants. For this question, if participants reported “Yes,” they would be classified into the “alcohol consumption group.”



Working conditions

Participants self-reported the length of their occupational history (in years), the number of working hours per day, whether they utilize protective equipment (e.g., helmets, goggles, etc.), periodic health examinations in the company (yes/no), hazardous occupational exposures [loud noise, dust, hot temperatures, poisonous gas, low-light settings, wet environments, toxic chemicals, accident-prone settings (yes/no)], and the longest duration of time spent maintaining a constant posture in a typical workday (<30 min/30–60 min/over 60 min).





 Statistical analysis

Both descriptive and analytical statistics were used to address the main aims of the study by STATA version 16. In this study, Skewness and kurtosis test (sktest) was utilized to evaluate the distributions of quantitative variables. The descriptive analysis was applied to all variables. For quantitative variables, we presented the mean and standard deviation (SD) values for normal distribution variables and the median and interquartile range (IQR) values for non-normal distribution variables. While for categorical variables, we were presented as frequencies and percentages. Comparison of the differences between spinal pain group, osteoarthritis pain group and other variables, Chi-square test, and Rank-sum test was applied. In this study, the multilevel mixed-effects logistic regression models were applied to identify factors associated with spinal pain, and osteoarthritis pain, while the multilevel mixed-effects linear regression model was used to indicate factors related to neuropathic pain (DN4 score) among participants. The potential variables for full models included socio-economic status, health status, health behavior, and work conditions. A p-value (p) <0.05 was considered statistically significant.




Results

Table 1 describes the demographics and health status characteristics among industrial workers in this study. The results showed that the percentage of people who suffered from spinal pain was 43.1%, osteoarthritis pain was 24.3%, and both spinal pain and osteoarthritis pain were 16.7%. In the groups of people who suffered spinal pain or osteoarthritis pain or both kinds of pain, the percentage of participants being male, having a tertiary or higher level of education, living with a spouse/partner, and having never smoked were higher than people without suffered pain. Furthermore, compared to people who have not suffered spinal pain or osteoarthritis pain or both kinds of pain, the percentage of respondents having acute symptoms, chronic diseases, and alcohol consumption in groups of people who suffered pain was significantly higher with p < 0.05. Besides, the amount of expenditure for healthcare per year in the group of people suffering from spinal pain was significantly higher than in the group of people who have not suffered ($227.3 ± 309.4 vs. $112.2 ± 113.9) with p < 0.05.


TABLE 1 Demographics characteristics and health status among participants.
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The working conditions of participants are presented in Table 2. Participants self-reported that noise, dust, and heat were the most common exposure factors in work among workers, while the opposite was true for wet environments. Furthermore, the people who reported spinal pain or osteoarthritis pain, or both types of pain were also more likely to self-report several workplace exposures such as hot, lack of light, toxic chemicals, and working in an accident-prone environment than those who reported no pain. This was true for the spinal pain, osteoarthritis pain, and both spinal pain and osteoarthritis pain with p < 0.05. Among participants self-reported that hey suffered spinal pain, osteoarthritis pain, and both spinal pain and osteoarthritis pain, above half of those reported that they were maintaining constant posture over 60 min when working, and these figures are significantly higher than the no pain group. The mean years of working and working hours per day in the spinal pain group were 10.3 ± 4.1 years, and 8.4 ± 1.2 h, higher than no spinal pain group with 9.7 ± 3.6 years, and 8.2 ± 0.6 h, respectively. For the osteoarthritis pain group, the mean years of working (10.1 ± 3.5 vs. 9.9 ± 3.9 years), as well as working hours (8.4 ± 1.1 vs. 8.2 ± 0.8 h) of them were higher than those no pain group. And for the people who suffered both spinal pain and osteoarthritis pain group, the mean years of working (10.1 ± 3.3 vs. 8.5 ± 1.1 years) and working hours of them also higher than people in no spinal pain group.


TABLE 2 Working conditions of participants.
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Table 3 shows the characteristics of neuropathic pain by using the DN4 questionnaire. The most commonly reported symptom associated with neuropathic pain was limb numbness, followed by sensation of ant crawling, and electric shock. Furthermore, the people who reported spinal pain or osteoarthritis pain, or both types of pain self-reported a higher prevalence of having neuropathic pain signs (based on the DN4 instrument) compared to those who reported no pain. There were statistically significant differences in DN4 scores between people having spinal pain (1.2 ± 1.0) and no spinal pain group (0.2 ± 0.5); people having osteoarthritis pain (1.2 ± 1.0) and no pain group (0.4 ± 0.8) with p < 0.05; and people having both spinal pain and osteoarthritis pain (1.5 ± 0.9) and no pain group (0.4 ± 0.8).


TABLE 3 Characteristics of neuropathic pain among participants.
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Factors associated with the spinal pain, osteoarthritis pai n, and neuropathic pain of the workers are presented in Table 4. In terms of work conditions, people maintaining constant posture when working from 30 to 60 min (OR = 3.15, 95% CI = 1.07; 9.29), or over 60 min (OR = 2.59; 95% CI = 1.12; 5.98) had a higher odds of suffering from spinal pain. People who worked in a lack of light conditions were also likely to be suffering from osteoarthritis pain with OR = 4.26, 95% CI = 1.02; 17.74. In terms of DN4 score, working conditions including having noise (Coef. = 1.23; 95% CI = 1.06; 1.43), lack of light (Coef. = 1.75; 95% CI = 1.18; 2.61), wet (Coef. = 0.82; 95% CI = 0.77; 0.87), and toxic chemicals (Coef. = 1.93; 95% CI = 1.49; 2.50) had negatively associated with the level of neuropathic pain.


TABLE 4 Associated factors related to the spinal pain, osteoarthritis pain, and neuropathic pain of the workers.
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Discussion

Our results highlighted low levels of neuropathic pain but high levels of pain among industrial workers, most notably 43.1% of spinal pain, 24.3% of osteoarthritis pain, and 16.7% of both spinal and osteoarthritis pain. In terms of working conditions, noise, dust and heat are the most common and correlated factors. Maintaining posture for more than 30 min or exposure to above risk factors are associated with higher risks of both spinal pain and osteoarthritis pain.

Within our cohort of Vietnamese factory workers, the prevalence of neuropathic pain was estimated to be 1%, which is low compared to estimates of global prevalence (10). Specifically, some previous studies reported that the prevalence of neuropathic pain in Canada was 17.9% (23), Brazil was 10% (24), French was 6.9% (25), the UK was 8% (26), Australia was 3.3% (11, 23, 27), Brazil (24), was 10%, Thailand was 24.0% (28), and Taiwan was 7.9% (29). This figure may have been underestimated due to various external factors. For instance, despite the fact that our interviews were confidential, workers may have felt that self-reporting of neuropathic pain may result in unwanted attention from managers and uncalled-for changes in working settings or salaries.

Most common symptoms for spinal pain and osteoarthritis pain identified in our study were numbness in the limbs and feeling of ant crawling, itchy, pins and needles in the limbs. Fortunately, both are only first-stage symptoms of these health conditions and thus are subject to potential favorable outcomes. Although hardly eradicated, it has been found that neuropathic pain can be managed if it is within tolerance and will not pose too substantial impacts on patients' quality of life if diagnosed during its early stage (30). Nevertheless, these symptoms can be easily confused with manifestation of other less serious conditions. For instance, numbness in the limbs can also occur as a result of tiredness or overwork, and thus workers may often overlook these symptoms. On the other hand, maintaining constant posture for more than 30 min was also found to be significantly correlated with higher levels of spinal pain. Previous literatures have found out that numbness in limbs may also resulted from constant stiffness and fixed posture (31). Therefore, it is difficult to precisely trace the cause of numbness in limbs as well as feelings of ant crawling and determine whether it is an indicator of neuropathic pain. The confusion between the onset of neuropathic pain and normal tiredness prevents workers from having early diagnosis and ultimately leads to poor treatment outcomes.

Exposure to toxic chemicals and low-light settings were reported as risk factors in workplace settings. The association between toxic chemical exposure and neuropathic pain has been well documented in previous studies, in which potent neurotoxins such as lead, arsenic, and mercury are commonly found in increased quantities within industrial plants, and pose a significant occupational hazard (32–34). Although no specific evidence was available on the correlation between lighting and pain, it might be the fact that low-lit environments prevent workers from identifying other hazards and thus making them more prone to other hazards. In this study, participants who reported working in accident-prone environments had relatively insignificant correlation with neuropathic pain, which may be attributed to increased vigilance due to one's knowledge of these dangers (35). History of acute or chronic medical conditions was also found to be a risk factor, as also indicated in previous studies that neuropathy is frequently secondary to underlying disease processes (e.g., diabetes, multiple sclerosis) (36).

The provision of regular health examinations was associated with a significantly lower rate of osteoarthritis pain as the number of workers with pain was one third of those who were not. Indeed, various studies have underlined the importance of regular checkups in the outcome of neuropathic pain as it is the most effective tool for timely diagnosis of neuropathic pain symptoms. Worldwide, early diagnosis was highlighted as a key measure in neuropathic pain management (37). It was also found that primary prevention, early diagnosis, extensive reduction of risk factors through lifestyle changes and glycaemic control have substantial impact on delaying progression of neuropathic pain. To improve the quality and systemization of neuropathic pain screening during regular health check-ups in Vietnam, a validated scale should be agreed upon. Globally, the Neuropathic Pain Scale and LANSS Pain Scale are among the most common screening tools with high precision (38, 39). Among industrial workers, these scales are highly effective as their conditions are often independent, unlike patients in post-operative and post-trauma settings with a combination of nociceptive and neuropathic pain (40).

Higher annual expenditure for healthcare was associated with lower rates of spinal pain in our sample. Understandably, spinal pain can be substantially alleviated with pharmaceutical treatments as well as prevention measures. It has been found that the majority of spinal pain patients tend to not seek hospital care until the severe stage of the condition (41). While this trend may be attributed to various factors, however, significant proportion of this causes by lacking of budget for healthcare. Patients with more generous financial capacity for healthcare also tend to attend regular health check-ups and thus are more likely to early diagnose and receive timely treatments for this condition, resulting in lower rates of spinal pain.

Several implications can be drawn fr om our study. First, a more logical working scheme should be provided to avoid staying in one posture for more than 30 min. Secondly, more effective occupational health and safety regulation and standards may help to protect workers against workplace exposure to neurotoxins or other occupational safety factors associated with neuropathic development. The adoption of such guidelines has been associated with improvements in health equity and workers' health outcomes in other countries and may serve to improve outcomes among Vietnamese factory workers as well (42). Controlling exposures to hazards in the workplace is vital to protecting workers. Hence, authorities should renovate the lighting system to ensure basic working conditions and prevent further work hazards. While toxic chemicals cannot be completely eliminated due to the nature of industrial work, however, the hierarchy of controls should be applied to reduce and remove hazards (43). Lastly, health examinations should be provided regularly and free-of-charge. In existing workplace health examination programs, a small screening test for spinal and osteoarthritis pain should be included to make early diagnosis of these conditions.

As with any non-randomized observational study, our study contained potential sources of bias, including selection and sampling bias. Firstly, the convenience sample method was applied as well as only workers from three manufacturers were recruited for the study. Hence, our sample could not be representative of the whole Vietnamese industrial worker population. Secondly, only a small cross-section of the workforce was involved, which may impact this study's degree of external validity. Therefore, a cohort study on neuropathic pain among industrial workers in multiple centers could be conducted. Furthermore, occupational exposures including loud noise, dust, hot temperatures, poisonous gas, low-light settings, wet environments, and toxic chemicals were mainly measured by self-reported questionnaires, which might lead to bias and confounders. Lastly, the current study lacked the assessment of several other causes that might lead to neuropathic pain such as diabetes, and central nervous system disorders (Stroke, Parkinson's disease, multiple sclerosis, etc.). Hence, further studies could be conducted to explore the association between these factors and neuropathic pain among the worker population. Notwithstanding these potential shortcomings, however, this study serves as the first assessment of the prevalence as well as associated factors of neuropathic pain in Vietnam and thus provides a valuable addition to the growing field.



Conclusion

While not showing a high prevalence of neuropathic pain, our study highlighted a high self-reported proportion of industrial workers with spinal and osteoarthritis pain. Notable self-reported factors that were more likely to experience associated with pain were identified, including long time of maintaining one posture, toxic chemicals, and low lighting in working environment. Regular health examination and high budget for healthcare were found be correlated with lower likelihood of neuropathic pain. We proposed several implications, including a new working scheme, improvement of the working environment, provision of regular healthcare services, and adoption of pain screening programs for industrial workers as well as more stringent occupational health and safety standards.
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